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THE NATIONAL BUREAU OF STANDARDS 



I. general . Undoubtedly the cost spectacular work undertaken by the 
National Bureau of Standards was that for the atomic bomb project. The 
large ecope of the project during its development and engineering phases, 
ae well &e the neceseary secrecy associated with the program, tends to 
obscure the Initial and critical two years during which the major program 
was formulated and much basic research was performed. It was in that 
period that the National Bureau of Standards played a key role in the 
project, for shortly after the initial phase was completed, the Manhattan 
District was established and the gigantic derelopment and engineering 
of the weapon began. 

However* atomic project actlrlty by the Bureau did mot terminate 
with the establishment of the Manhattan District. Bureau of Standards 
experience, staff and facility resources, gained through years of re- 
search in atomic and sub-atomic physics, particularly in the field of 
naturally radioactiTe substances, served to a great extent in solving 
many problems throughout all phases of the project. It it, therefore, 
the purpose cf this chapter to recount briefly the outstanding atomic 
bomb project contributions which were made by the national Bureau of 
Standards up to the termination of the Manhattan District on 31 December 



19^6. 







2. Initiation of the Project. The Rational Bureau of Standards began 
Its work on the atomic bomb project In October 1939 "hen President 
Rooeerelt appointed Its Director, I>yman J. Briggs, ae chairman of an 
Advisory Committee on Uranium to investigate the possibility of utiliz- 
ing the atomic fission In warfare. At that time it was not known which 
of the isotopes of uranium was subject to fission when bombarded with 
slow neutrons, or how many neutrons were emitted In the fission process. 
She possibility of establishing a chain reaction remained to be demon- 
strated. Little wae known about the chemistry and metallurgy of uran- 
ium. Physical methods for separating the Isotopes of uranium had yet to 
be developed. 

Action toward the solution of euoh problems was undertaken by the 
committee with the enthusiastic cooperation of leading scientists in the 



respective fields. The uranium commit tee recognised the future possi- 
bilities of uranium fission as a source of power, but, early, decided to 
concentrate Its activities on the development of an atomic bomb. The 
basic Information gained In the initial study could later be applied in 
the development ef atomic power. 

Owing to the secrecy imposed on the project, the acquirement of 
necessary funds beeame a problem In Itself. The experiments begun In 
1939 "or* financed by a transfer ef $6,000 from the Ordnance Department 
of the Army and the Bureau of Ordnance ef the Savy. That noney was used 
to purchase materials for experiments, by Sr. 35. Fermi at Columbia 
University, to determine the suitability of graphite as a moderator to 
slow down fast neutrons. In 19*W» through the cooperation and enthusi- 
astic support of Rear Admiral fi. 0. Bo won. Director of the Baval Research 






Laboratory, funds to the extent of $100,000 were made available to the 
project at a time when they were most urgently needed. 

These funds were used nalnly for the study of different methods of 
separating the isotopes. Among then was the method of thermal diffusion 
proposed by P. H. Abelson, who demonstrated its possibilities in his 



through the pilot plant stage at the Naval Research Laboratory, and 
finally saw it culminate in an operating installation at Oak Eidge, 
Tennessee. Work was also started at Columbia University by J. R. Dunning 
on the separation of the uranium isotopes by gaseous diffusion through 
a porous membrane, which, likewise, eventually led to the construction 
and operation of an enormous diffusion plant at Oak Ridge. The develop- 
ment of a centrifugal method for separating the isotopes was undertaken 
by J. W. Beams at the University of Tirginia. That method was carried 
through the pilot plant stage, with highly satisfactory yields, but was not 
finally selected as a production method. 

In June, 19*K), President Roosevelt established the Rational Defense 
Research Committee under the direction of Sr. Vannevar Bush and made the 
Uranium Committee a section of BDRC. This was a happy solution to the 
problem of securing the necessary funds for a secret project, as it was 
recognised at the outset that the HDRC would be engaged in highly con- 
fidential work. At that time the Uranium (S-l) Section was reorganised 
as follows; L. J. Briggs (chairman), G. B. Pegram (vice-chairman), H. C. 
Urey, J. V. Beams, M. A. Tuve, R. Ounn, and G. Breit. Additional support 
was given by the NDRC to the investigations already under way, and new 
work was undertaken. 



or 



labatory at the Rational Bureau of Standards, carried it successfully 





The possibility of establishing a chain reaction was etlll a 
natter of great uncertainty, yet upon this the success of the whole 
project rested* J*orty tone of graphite and seven tons of uranium oxide 
were tupplied to Fermi at Columbia for use in a further attack on this 
problem. Mew projects dealing with the chain reaction were assigned to 
the Universities of Chioago, California and Princeton, ft. 0. Lawrence 
reported in Kay, X9kl, on experiments at Berkeley which indicated that 
Plutonium (element 9*0 le formed from uranium 238 (element 92) by 

like uranium 235 undergoes fission when it captures a glow neutron. 
This signf leant discovery held great possibilities because; (1) the 
abundant isotope 23* could be utilised, (2) separation of the uranium 
leotopes by physical methods was unnecessary, and (3) plutonium oould 
be separated from the parent mass by chemical methode. 

In Jttly,l9Ui t the membership of the 5-1 Section of KCRC was changed 
eomewhat to provide representation for new activities. The meetings, as 

by Dr. J. B. Coaant as Dr. Bueh'e representative. 

Xn the spring of 19^1 Brlgge naked Bush to appoint an independent 
committee to make an Impartial review of the project. Bush requested 
the Rational acadery of Sciences to undertake this study and to reeoraraend 
the level of expenditure at which the investigation should be continued. 
Up to that time, the expenditures for the atomic bomb project had 
certainly been moderate. At a meeting of the HURC on July 18, 19^1, 
Brlgge, ae chairman of the 8-1 Section, reviewed the progress that had been 
made, end, on the basis of the National academy of Sciences' reports, 





presented the request of hie section for en allotment of $267,000, with 
the statement that much larger expenditures would probably soon be re- 
quired. Thftt allotment was approved by BDRC and theoretical and expert- 
mental vonc *en* xorwara at an increased tempo* 

In Soveober 19*H Buah, after reviewing the further advances that 
had been made by the 8-1 Section and additional recommendations of the 
Batlonal Academy of Soienoes Committee and after consultation with the 
President and his advisors, decided that the time had now come for an 
"all-out" effort* The project was transferred to the Offioe of Scienti- 
fic Research and Development as an OSEJD 8-1 faction, which was organised 
as follows! L. J. Brlggs (chairman), 0, 8, Pegram (Vice-chairman), and 
J. B. Comantt A, fi. Compton, X. 0, Lawrence, and H. C. Urey, program 
chiefs t B. T. Kurphree, chairman of the planning board; S. K. Allison, 
J. V. Beams, 0. Breit, X. U. Condon, and H. D. Smyth. H. T. Vfensel 

Jundc available for the work were greatly expanded. Under Lawrenoe 

California. Research on the gaseous diffusion process of separating 

porous membranes that would not corrode and become clogged through the 
action of uranium hexafluorlde, was oon tinned at Columbia University 
under Dunning and Pegram. Urey had supervision of methods for pro- 
aucing newvy >«wr ior iigg as & noo.9ra*or ena ouusr iipor wav ipeciu 
assignments. Basic work relating to the chain reaction and its utilisa- 
tion in the production of plutonlum, at Columbia under Permi, and at 





Chicago under Allison, vac continued under Conpton's direction at the 
University of Chicago. It vac here that the chain-reaction wee first 
demons trt ted by Fermi in e graphite-uranium pile in December X$kZ. 

By July, 191*2, it appeared that the final intensive work on the 
research and development program could be directed more effectively 
by a emaller group and the 8-1 Section was succeeded by the S-l Executive 
Committee, consisting of Conant, chairman, Brlggs, Compton, Lawrence , 
Xurphrse and Urey, with Weasel as technical aide and Irvin Stewart as 

ay £ m ^m a v ^w^p v-evv^^^ sp • m»^*#fc*A sf vae^v e? am^^^^ ^e v%o> • ^•"■t 

and were regularly attended by Brigadier General L. R. Groves, head of 
the recently formed Manhattan District project, who was charged with the 
heavy responsibility for erecting plants and producing uranium 235 «nd 
plutonlum in usable quantities by methods developed through the S-l 
Committee research groups. By May 1, 19*0, tbe undertaking had reached 
the point where it could be taken over advantageously by the Manhattan 
District and the work of OSKD on the uranium project vae terminated. 

The foregoing is presented in somewhat greater detail in Book I, 
Telume 1, of the Manhattan District History; details have alto been 
presented in the report "Atomic Xnergy for Military Purposes" (Smyth 
Report) (App. 31a of Book I, Tolume U, Chapter S, M.D. History). The 
information is repeated in this chapter, however , in order to emphasise 
the important roll enacted by the Director of the Rational Bureau of 

3. Specific Activities . During the war about sixty "embers of the 

Bureau staff were engaged on the atomic bomb project. Some of its leading 

physicists, chemists and mathematicians were assigned to the Clinton 




2.6 . 




and Lob Alamos Laboratories at the request of the War Department. 

B&rly In the war a staple and highly effective chemical method 
was developed at the Bureau for removing harmful Impurities from uranium. 
This was used in all subsequent production of uranium. Similarly a 
procedure was developed for producing graphite practically free from 
uvrwu. lane woain ra uohb "sre ox grwt Tune »o wis projoc*^ Decetusc 
some of these impurities were strong absorbers of neutrons and their 

reaction in a pile using normal uranium. 

The Bureau also served throughout the war as a central control 
laboratory for determining the purity of the uranium and other products 
that were used in the project. Thousands ef chemical and spec trographlc 
analyses were made during the course of this work. Measurements were 

^—j^ ^h^P* a % %%Mt em am AsrASi ^Ptewttn eVViM %MWtSkWfc4 msi ^amtAM Qrf^ A W — J ^PekSje m^uv^sX^h 

nwwe oz wiw rcmAun rfBOTBrsu iron •us nrauw Brai ( nvutou ior ■•p»™ 
rating the uranium Isotopes were studied. The alpha-particle counting 
method was developed to measure the change in the relative abundance 

so closely guarded that the Bureau's participation in the atomic bomb 
project was not known to the members of the staff not associated with 

a. The Graphite Problem, In the early consideration of the use 

Perm! and L. Ssllard) was to use graphite as a moderator in obtaining 
a controllable chain reaction for the production of plutonlum. It was 
known that impurities which might be present in the graphite or uranium 
would capture some of the neutrons generated by fission of the uranium 





235. probably a large enough proportion of them to prevent a self- 
sustaining reaction from occurring in a uranium-graphite pile. Thus 

pure uranium were outstandingly important among the many assignment!; 
undertaken by the Bureau in connection with the atomic energy project. 

While graphite was a common article of commerce, its usefulness 
had never been eeriouely affected by the impurities that now aeaumed 
such commanding Importance. Xn January, l^l, L. Ssilard and X). P. 
Mitchell of Columbia University came to the Bureau to discuss possible 
reasons for the discrepancy between the analysis of graphite ash, made 
by a commercial analyst (by a spectrographs method), and the neutron 

that the analytical results, for boron, in particular, were at fault. 
Hence, the establishment of a reliable method for the determination of 
boron in graphite was undertaken by C. J. Hodden. 

The procedure developed, which became standard for the determination 
of boron in uranium compound* as well as in graphite, showed that much 

W» «a wit ■ %/• wSS w**w w >* wjjsawA ^■•■a* ™*"^*^m « " ^a*a» 

to boron. 

a guide, the next step was to find out the sources of this impurity. A 
painstaking survey by the Bureau, of the boron content of the raw materials 
used in manufacturing graphite and of the distribution of boron In the 
finished bars, disclosed that the foundry coke universally used In one 
stage of the graphi tiling process was the chief source of the boron 
contamination. Analyses showed that foundry coke contained about 15 






times 6« much boron as the petrol sum coke then available. It was also 
found that the surface of the finished graphite bare contained more boron 
than the Inner portion. A thorough canvass of the graphite Industry was 
nade and the Speer Carbon Company, st, Marys, Pennsylvania, agreed to 
substitute petroleum coke for foundry coke and to machine the surfaces 
of the finished product. She graphite which was then obtained was much 
lower in boron than any previously examined. The new procedure was used 
to produce the graphite for the first uranlwgraphlte pile, which was 
successfully operated In Chicago In December, 19^2. Reference to the 
original problem and Its solution In obtaining graphite of suitable purity 
is provided in Section 5 of Book XV, Volume 3, Manhattan District History. 
Paragraph 5-10* of that reference provides an Incomplete statement in 
regard to the graphite suppliers. Xarly in the pile program interest 

Wfi« iWl A Alt ftsmft amllTv Vv tHtfl SflAilf* QftJFtHMl CAVAmnV fPfclAfc AAlHAnV pyq w 4 A^A A 
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suitable product but did not possess the facilities for manufacture of 
the production pile moderator. 

b. The Uranium Problem.- Since metallic uranium had mot been made 
hitherto in commercial fuaatltles, It was necessary to develop methods 
for producing the metal, as veil as to determine and control the purity 

phases proceeded simultaneously. The preparation of uranium tetra- 
chloride was begun by C. J. Hodden early in 19Ul. Soon thereafter fused 
pieces of metal were produced by the reduction of the chloride with 
calcium. In June, I9HI , some of the pieces of metal thus obtained were 
remelted by J. &. Thompson. An Important dlsoovery resulting directly 
from this work was that the melting point of uranium was lower by at 





least 600° than the recorded value of approximately 1800° C. The 
boron content of this metal »as too high, but It could be largely 
attributed to the calcium used for the reduction. Hodden and W. B. 
Holten found that If the calcium was first distilled before using It 
In the reduction process, satisfactory uranium was obtained. This work 
was Interrupted In 1941, but In the early summer of 1942, the experi- 
ments on the reduction of uranium salts with distilled calcium were 
resumed* Xxoollcnt results were obtained when the tetrachloride was 

available* Substitution of magnesium metal for calcium showed promise. 

Vhlle the study of metal production wae going forward, progress 
was also being made In the analyses of uranium compounds and in pro- 
cedures for purifying them. Determinations of boron were now being 

e »» ntiH . T tt» sen w/ nwu ax ■•v^xvs wuHiuu. *.y auaj ># rB*a »y ocaerrtr • 

During I9I&, specifications for the purity of uranium compounds 
were prepared by a committee composed of Sodden, Bsilerd, R. Boson, 
with J. H. Speddiag as Chairman. Methods of chemical analysis for 
many elements present as Impurities were developed, and hundreds ef 
samples were analysed at the Bureau. lur example, methods for the 
determination of rare earths In the Impure oxide were of especial 
Importance beoause of the known neutron absorbing properties of 
certain of the elements In this group. K. S. Fleischer and J. I, 
Hoffman contributed materially to the solution of this problem. 

In conjunction with M. Pochon of the Xldorado Gold Mining Co., 
a method for obtaining purer black oxide was found which consisted 




of an acid leach of the material. She H3S contracted for the treat- 
ment of future ehlpnente and the working over of some of the older 

As a result of the experimental work at the MBS on the purification 
of uranium oxide and on the distillation of calcium, it was evident in 
August of I9UI that raw Batorlale for satisfactory uranium metal could 
be obtained or produced. However, at this tine there was only one pro- 
ducer of Metallic uranium. Metal Hydrides, Inc., at Beverly, Mass. The 
boron content of the oowdered metal furnished by this comoanv was so 
high (about 200 ppm) that It was practically useless for the purpose 
Intended. C. J. fioddeu, in an effort to improve the product, installed 

and showed that calcium hydride of high purity for reduction of uranium 
oxide could be made in large lots. Zn contrast with the metal first 
produced, with a boron content of approximately 200 ppm, the metal pro- 
duced by Metal Hydrides after the Bureau's assistance contained less 
than 0.5 ppn of boron. 

th» dAclalVA atari in th« mu>i.f ifiAtlan ftf uranium flonrieundB nplsr 

to their conversion to chloride or fluoride and subsequent reduction to 
metal, wae taken in the summer of I9UI. At that time J. Z. Hoffman 
showed that uranyl nl trate could be separated from all harmful elements 
by extraction with ether. By this method sufficiently pure uranium 
oxide could be obtained from crude uranium oxide and from pitchblende 

procedure for the final purification of all the uranium subsequently 
used in the piles. 




c. The Central Oontrol Laboratory, • When, In 19*12, the Manhattan 
District assumed responsibility for procurement, the analytical work 
rapidly increased in scope and volume. Methods vere now developed for 
the assay of uranium-bearing m&terials ranging from low grade oarnotite 
to high crude sltchblande. 

In February, 19^3, when the Manhattan District set up a program for 
all raw and finished materials connected with the production of the metal, 
t^io ^^iio ^I^Js?4^uj4^^^hj^I ^^0 ^lio C^witj^^^l ^Josi^flfol Ii^^^s^^JJr^s* Jpj^ 0 efttO ^bjH m^ls^' 
stration of the complexity of some of the work, one product required 17 
indlTldual ehealoal analyses In addition to the spectrographic determination 
of 29 elamente. To aid other laboratories concerned with the metal con- 
trol program, standard analysed temples of some fifteen materials were 
prepared, including four kinds of uranium ore. Guest workers were in- 
structed in analytical methods and other laboratories and plants operating 
under Manhattan Dirt riot oontracts were assisted in developing pro- 
cedures and In overcoming difficulties. 

fj^p t© t^iO OOA Of ^9^5 ^^O^kyljf ^^^00 OOflQp^OO Of eOR^OJP Ia^Lo l^&A ^^o oxi 

received and nearly 3Q»000 separate analysos had boon made. The develop- 
eoott-tol vorfc ox* 00 j^jpo'bl oso of jp jfo oixrottOB^ fOouX tod. mi ei cq&^jt Ioao 
to H7 reports. In 19^. C. J. Hodden beoame chairman of the Manhattan 
District Analytical Committee. 

The work of the Oentral Control Laboratory covered a number of 
phases of the project besides those relating to the procurement and 
analytical oontrol of materials used in the piles. Tor example, in 
the lattsr part of l$kl t C. J. Sodden and J. X. Hoffman developed a 




method for the purification and preparation of uranium compounds suit- 
able for B&king films for determining 1 ectopic composition by alpha- 
particle counting techniques. This was later put on a production basis 
and handled by fc. J. Clark in cooperation with I. F. Curtlsc, who was 
determining the degree of separation of 0-235 obtained by the various 
investigators on isotopic concentration in the early work on uranium. 

As further examples of the diverse nature of the problems that ctme 
to the oentral control laboratory, the following are of interest* 

(1) In many oases uranium ores were purchased and paid for 
on the basis of their uranium content, with the proTislon that the radi- 
um be returned to the original owners in the residues left after removal 
•f the uranium. Disagreements arose. To settle these, radian standards 
were prepared, in cooperation with L. I*. Cur ties of the Badioectlvity 
section for checking methods of determination of radium. 

(2) Owing to the fact that the Metallurgical Laboratory at 
Chicago did not have adequate facilities for analytical oontrol in their 
early work on plutoniuo, many materials Involving special types of analyses 
wmrtt mmnt kn thm KBS rui . Included heavy wfit*r mrt& tha e^t&lritn need 

■"•w BW* WW wW " • »Uw illUVU MVATjr QUAD tiff' VWi^l "w "™ 

in Its production. Bequests for assistance, especially In the capacity 
of consultants, continued through 19^5. 



Silicate Products Division, ceruaic notarial b were examined for suit- 
ability of their use in the electromagnetic process of isotope sepa- 
ration. 

d. Spectrograph^ Analyses. The work of the Spec trocheni eel 
laboratory on the atomic bomb project was initiated in April X9**0 when 



(3) In cooperation with V. It. Harriett! of the Clay and 




tests of the purity of several uranium oxide samples were made by 
qualitative spectrographs analysis. Vhen the supervision of work on 
uranium was later tscigned to the Office of Scientific Research and 
Development, the volume of testing increased wad the staples then 
submitted included a variety of uranium compounds and other materials 
of Importance to the project. It was apparent at that time that the 
usual spectrograph^ methods of analysis were inadequate for the analysis 
of uranium, especially in view of the increasing purity of the materials 

The production of uranium of high purity vas one of the serious 
problems enoountered in the utilisation of uranium as a eource of etomie 
energy. Impurities, particularly the lighter elements such as boron, 
cadmium, and lithium, are effective absorbers of neutrons. Relatively 
small anounte of the impurities may reduce the efficiency of uranium 
fission below the point where a chain or self-sustaining nuclear reaction 
can be obtained. For many impurity elements, concentrations of a few 
parts per million were undesirable, end in the case of the most effec- 
tive neutron absorbers, freedom from a few tenths of a part per million 
was essential. In order to control the production of pure uranium and 
to inspect the final product, methods of analysis were required fcr the 
ue termination of 60 or more chemical elements on a routine basis where 
speed, high sensitivity, and accuracy were Important considerations. 

The problems of the spectrographs analysis of uranium-base materials 
was complicated mainly by the highly-complex spectrum of uranium. Under 
the usual spectrographs procedures, interference by uranium lines 
would have rendered spectrographs analysis ineffective for impurity 




determinations at lev concentrations. This obstacle wae overcome by 
the development of four concentrations! methods in which the impurities 
are separated from the uranium and then determined spec trographicaliy. 

The first satisfactory method for the spectroohemical analysis of 
uranium was developed at the lational Bureau of Standard*, and was descri- 
bed by B. J. Soribner end H. fi. Mull in in April, 19*18. It was physical 
In nature, involving fractional distillation of the impurities from an 
uranium oxide base. High sensitivity and accuracy were realised by 
adding a material, termed a "carrier" t to the sample and distilling the 
carrier from the mixture by means of an electric are. She carrier served 
to sweep the volatile impurities into the are, the light from which was 
observed by a spectrograph. The high' sensitivity of the method Was 
attained by the almost complete suppression of the spectrum of uranium. 

The carrier-distillation method was improved by a series of controls, 
Including an electrode assembly of novel design. In June, 19*12, the method 
provided for the determination of boron down to a limit of 0.1 part per 
million and of cadmium te 0.5 ppm, and Included the determination of 
arsenic, eobalt, lithium, manganese, nickel, silver and sodium. The 
elements now determined by the method are Ag, 11, As, Au, B, Ba, Be, 
Bl, Od, Oe, Or, Cs, Ou, to. Go, Bg, In, X, Li, Mg, Mn, Mo, Be, VI, P, 
?b, lb, 8b, 81, 8n, Tl, and Zn. The basic method was modified for the 
more accurate determination of iron, magnesium and manganese in rebruery, 
19^5 , thus obviating the need for chemical determinations of iron and 
manganese. The method provides for the rapid determination of the 32 
elements at concentrations ranging from a few parts per million for 
most of the elements, down to one part in 100-million in the case of 





boron. The ccirricr-dietillrtiofi method wae adopted by other labcra- 
torlec on the project and applied In the antl^sie of thousands of samples 
of uranium and similar materials. Over 120,000 determinations were Bade 
at the Bureau during the years lS&J-Uj. 

The three remaining methods that were derieed for the analysis of 
uraniuo-haDe materials provided for the determination of the lean-volatile 
Impurity elements to which the carrier-distillation method did not apply. 
The spectrographlc mothods involved the analysis of three chemical con- 

the chemioal section under the supervision of 0. J. Sodden, included 
the rare-earth group (Ce, Ifcr, *r, Bu, 0d f Ho, La, Lu f Hd, Fr, 5c, 8n, 
7b, Jh, Tm, Y and lb), the platinum-metal group (Zr, Pt, Hh and Su) 

and e group of elements precipitated by cupferron (Cb, Oe., Hf, Pd, Ta, 



Ti, V, V, and Zr). The required sensitivity of test was obtained by 
the combined chemical and spectrographs procedures and, in some cases, 
a remarkable limit woe achieved. For example, the rare-earth method 

ef one part in 250-oillion parts of uranium. 

The complete system ef spectrographlc methods for the analysis of 
uranium-bpoe n&terials was recently described by Scribner and Mullin 
in the form of a 102-page laboratory manual. This manual, issued with- 
in the project in September I9U5, provides detailed directions for the 
determination of 63 chsmicel elements in 11 types of uranium-base 

terisls. The spectrographic system, combined with extensive ehemioal 
analytical work, distinguishes uranium ss the most thoroughly anr.lysed 





material in the history of analytical chemistry. 

e. Metallurgical Investigntion of Uranium. Phases of the metal- 
lurgy of uranium Investigated at the Bureau included the development of 
methods for melting and casting the metal, methods for working uranium, 
end investigation of the uranium-oxyeen system, which necessarily in- 
cluded development of methods for determining: oxygen in uranium and 
for metallographie examination. 

tnrvBtigetiDn* vn viorinn inciwofi e jnr experiments on ooDpRrison 
of beryllie and thoria as melting refractories for the metal, determina- 
tion of density and hardness, development of procedures for preparing 
metallographic •pecimens, and study of the micros tructure of ct-st and. 
extruded thorium. 

^ (1) Melting end costing uraniumt In the early stages of the 

projeot, utilisation of uranium required the development of methods for 
melting and easting to permit producing the metal in the desired shapes, 
and also to eliminate, in part at least, certain deleterious impurities. 

Bureau In Nay 19^1, using metal prepared by C. J. Bodden. Work on the 
problem was sporadic until April 19^2 when metal from contract producers 
beorme available and extensive research on the metallurgy of uranlus 
began, the technique of casting progressed fron the production of 100- 
frara ingots to melting approxlmr tely 50 pounds of uranlun at o time. 
Contributions of the Metallurgical Division to the technique of melting 
uranium included: (a) identification of beryllia as the first material 
In which uranium could be melted successfully! (b) demons trsti on that 
1 metal molds, as well as graphite molds, could be used for casting uraniumt 





end (c) development of a procedure for casting bare from each of which 
two or nore 8- Inch slugs for the pile could be fabricated. The oast 
•j&Fsb 1 wor© snjpttJ^lof tx^w&6d ro&f An 3r^£ftp& e^&^Qjrlo? Ae5f©fi^0e; etoii 
adoption of the o as ting process avoided the difficult extrusion process. 
Vearly three tons of uranium were cast in bar form at the Bureau. 

(2) Development of Methods for fabricating uranium: The hot 
and cold working properties of uraniun were investigated and procedures 

was performed most satisfactorily at temperatures Just below the alpha- 
beta transformation (665° to 670° C). She metal was more plastic in the 
gamma state (above 760° to 770° 0) and deformed more readily, but if 

hard brittle beta phaee resulted. 

Hot rolling, at temceratures near the ton of the al nhfe ranee, was 
far more rapid than cold rolling, but the surface obtained mm inferior 
because of the amount of oxide rolled in. Cold rolling with frequent 
anneals vat a glower but more satisfactory procedure. For the same reas< 
Mid swaging was preferable to hot swaging. An additional difficulty 
experienced in hot swaging was cracking of the metal as it transformed 
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Bare uranium could not be drawn satisfactorily with any of the oil 
or grease lubricants customarily need in drawing other metals. Use of 
copper as a lubricant, by eleotrodepoeltlng copper on the cleaned wire, 
prevented jamming of the wire in the dies and permitted drawing wire to 
10 mile diameter. 

Anodic cleaning of the wire wt*s a necessary preliminary to plating. 





Vhen the anodic cleaning and the plating were conducted in different 
bathe, film formation during exposure to the air while transferring from 
the cleaning to the plating oath frequently prevented satisfactory ad- 
hesion of the plating. A procedure was developed for cleaning aaodlcally 
and plating In the sane bath, avoiding exposure of the wire to the air 
and resulting in a satisfactorily adherent plating, after drawing to 
the desired diameter, pickling in a 60 WfOykO HgO mixture removed the 
copper coating, 

(3) Other metallurgies! research Included i the determination 
of the solubility of oxygen in molten and solid uranium) determination 
ef oxygen in uranium by vacuum fusions oxidation of uranium in air at 
temperatures up to $00° C| bright annealing Of uranium; and metallography 
of uranium. 

f. Physical and Mechanical Properties of Uranium. Much of the 
Information in the literature on the properties of uranium was inaccurate 
because it represented the properties ef the impure metal previously 
available and mot those sf the relatively pure metal produced by methods 
developed reoently. 

temperatures for the melting point of uranium given in the litera- 
ture vary from 1J00 to 1830° C, the latter temperature being given in 
most handbooks, larly melting experiments at the Bureau showed the 
melting point to be much lower than the reported vtlues. The metal avail- 
able in l$kZ melted in the range 1075 to 1125* C. Precise melting 
point determinations were later made by the Heat and Power Division on 
four specimens of uranium produced late in 19^3* One was melted in 
beryllia, one in thorla, and two in graphite. The best value for the 




Belting point ©f uranium, with 5 part* per Billion of carbon, 60 parts 
per million of iron, 20 parts per million of oxygen, and lesser amounts 
of other impuritieB, was 1132*1° C. 

The other properties determined were: Aenaityj electrical 
resistivity and temperature coefficient of resistance; thermo-electric 
potential; specific heat of uranium and ItB compounds et high tempera- 
tures; transformation points; hardness; tensile properties; compressive 

g. The First Spectrum of Uranium. At the beginning of the year 
19^2 there wore only fragmentary descriptions of the spectra emitted 
by neutral and ionised uranium atoms. So Zeeman effects had been observed; 
no term analyses had been made; nothing was known of the configuration 
of the valence electrons; and no value had been found for the nuclear 



Boment of the odd Isotope. It was known, however, that the emission 
spectrum observed In the ordinary arc and spark sources is exceedingly 
complex, and does not at all reoeBble the spectre of chromium, molybdenum, 
and tungsten, which precede it in column TI of the periodic table of 
the chemical elements. 

A such clearer understanding of the struoture of the uranium atom 
was necessary In connection with other investigations that were under 
way, end *ne opocfcroBoojjy iictivu ««m» rstjuea seu »o unuervcutc eta utr vi 
gat ion of the uranium spectra. 

The program of work comprised the observation of the uranium 
spectra as emitted by arcs and spark discharges in air at normal and 
at reduced pressures, by discharges in magnetic fields, in hollow 
cathodes, end by under-water spark discharges. Available for making 





the observations were four concave-crating spectrographs and a large 
quarts-prism spectrograph, together with auxiliary apparatus such as 
Fabrjr-Pero t interferometers and Luraraer-Gehrcke plates. 

A separation was affected of the lines emitted by neutral uranium 
atoms from those ealtted by ions. A list of more than 9,000 lines with 
accurate ware lengths, wave-numbers, and estimated intensities, for the 
region 3f000A-ll, 000A, were ooaplled as deserlptive of the spectrum of 
the neutral atom. A partial analysis of this spectrum was made by the 
classification of about 2,000 lines as combinations between 10 low and 
me testable odd energy levels with more than 880 higher even levels. On 
the basis of well-resolved Zeeman effects several of the low levels were 
identified as components of % t $K, fa, *ad ft terms arising In the electron 
configurations f^ds 2 and f^d 2 s. the spectrum of uranium was interpreted 
ae that of a rare-earth elements analogous to that of neodyniun, uranium 



being designated as the third member of a second group of rare-earths 
beginning with thorium. Xaey ionlsatien In the electric arc and In mag- 
netic fields, and the short-wave limit of the observed epeotrum indicated 
that the lonlsatlon potential of uranium atoms Is approximately four volts. 

h. Concentration of Isotopes* Two of the miscellaneous Investi- 
gations of the process of uranium i so topic separation originated at the 
Rational Bureau of Standards. These were the electromlgratlon and the 
no 1 scalar distillation methods, while some degree of separation was 
attained by the latter method, nevertheless, both methods proved in the 
main to be unsatisfactory for the purpose intended. General accounts of 
the Rational Bureau of Standards and other organisational activities for 
the electromlgratlon end the molecular distillation separation methods 






are prorided in Book I, Tolume k, Chapter Ik, of tho Manhattan District 
History. 

i. Maes Spectrometer Analyses. At tho outset of the war, the 
Mational Bureau of Standards did not have a mass spectrometer laboratory. 
Vhen the electrolytic migration method for the separation of potassium 

spectrometer which had been built at the Fixed Hltrogen Research Labora- 
tory by A. K. Brewer to make the analyses. Ibis marked the beginning of 



eleotromigratlon method was being investigated, the mass spectrometer was 
run about l6 hours per day. 

of potassium isotopes, the methods were applied to uranium. Since uranium 
Isotopes could not be analysed on the potassium w&bu spectrometer, it was 
neceaaarv- to obtain an instrument for this outdo a e Fortunately, the 
Bureau was able to acquire the parts of a mass spectrometer built by Dr. 
0. A. lier at the University ef Minnesota. 

ef gaseous UTg. this gas upon lonlsatlon by electron impact In the mass 
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and fluorine, OT^ being the most abundant. In oonsequenee, the 330 and 
333 peaks were used in determining the isotope ratios. The original 
method of ooeration consisted of readinx the two mass 
the big 333 peak being read on a mioroammeter and the small 330 peak on 
a galvanometer. In order to enhance the sensitivity of the Instrument, 
the entire electrical pick-up for the 330 peak was replaced with a more 
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stable design while the circuit for the 333 peak was revised and re- 
insulated. Vhile these changes materially enhanced the stability and 
sensitivity of the instrument, the actual recording of data was still 
cumbersome since it was impossible for one observer to read the defleotions 
for both peaks at the sane tine. In addition to reading the meters, the 
operator was required to operate the voltage scanning dials by hand to 
bring into focus the mass peaks. 

In order to simplify the operation of the mass spectrometer as well 
as to increase the accuracy of observation, an automatic voltage sweep 
end recording mechanism were designed. The recorder was assembled from 
parts of commercial Brown instruments. The scanning circuit was a modi- 
fication of that used on the Consolidated mass spectrometer, In that the 
accelerating voltage waB changed by allowing the potential on a eon- 
denser to decay through a high resistance. When the potential had changed 
over the required range, a relay arrangement allowed the condenser to be 
recharged and the process repeated. In order to eliminate all manual re- 
cording of data during a run, a control was placed in the Ionising circuit 
which permitted the operator to keep the 333 Isotope been as a constant 
value. This recorder not only vastly simplified the operation of the 
mass spsotrometer but also Increased the precision and shortened the 
time of analysis. It was later widely used at Oak Bidge in recording 
the progressive changes in concentration in the great production plants. 

j. Radioactivity Measurements. In the early part of the develop- 
ment of the atomic bomb it was necessary to have a method of testing 
various procedures for separating the ieo topes of uranium. In parti- 
cular, it was desirable to be able to make measurements which would 





reveal to wiuit extent the percentage of uranium 235 had been Increased 
in a sample by the particular treatment In question, and to detect Bmall 
increases in this percentage. This permitted the efficacy of various 
proposals for this 1 so topic enrichment to be tested at the early stapes 
end thus permit a selection of the beet, with a minimum loss of tine. 

A method was developed in the Radioactivity section, based on the 
rete of emission of alpha particles from the sample of uranium, using the 
alpha particles from the uranium 23U Isotope as an indicator. Since the 
percentage of enrichment for the 235 &&& 23^ isotopes depend on their 
■asses relative to the masn of the third, the 238 isotope, any treatment 
which enriches 235 wil1 al »° increase the amount of 2}k in a simple ratio 
of the masses. However, in the natural sample there ere Just as many 
alpha perticles from 238 as from 23^ because the 2jh is produced from 
23S and the process has been going on in nature a sufficient time for 
the amounts of each to reach a steady value. If the relative amount of 
23^ is increased, and with it the relative amount of 235» there will be 
more alpha particles per gram per second from the enriched sample than 
from a natural untreated sample. This method was made euffiolently 
accurate to detect a change of l/lO percent in the enrichment. To do 
this at least 1,000,000 alpha particles must be counted reliably and 
accurately from each sample. 

Equipment to do this work was developed and constructed in the 
radioactivity section and nuneroue samples were tested for various 
laboratories, which aided greatly in selecting suitable methods of en- 
richment. In particular, the measurements made at the NBS were very 
helpful to Dr. /beleon of the Neval Research Laboratory in the develop- 






merit of his process for isotopic separation. 

Ac a 'by-product of the work in counting alpha particles from 
uranium, the radioactivity laboratory prepared many carefully weighed 
samples of uranium deposited in accurately formed disks on platinum. 
These samples constitute reliable sources of beta-raye vhich can be 
used as standards in the calibre tion of beta-ray counters. Sets of 
these standards were furnished various laboratories engaged in radio- 
active work In connection with the war. 

In connection with radioactive war-work, it became desirable to 
have many Geigor-Muller counters available which had the thinnest possible 
cluninu.n walls, so that they could be used to measure beta-raye. Previous 
methods of producing such counters were slow and expensive. The radio- 
activity section developed a method of copper plating thin aluminum 
toothpaste tubes so that fittings could be attached to them by ordinary 
coft solder to convert then into Gelger-Muller tube counters. The 
operation was very simple and cheap so that several counters could be 
made in the time previously required to sake one, with a corresponding 
reduction in cost. These toothpaste tubes also had the minimum thiok- 
ness required for evacuation and filling without collapsing the tube. 

For the Identification and estimation of radioactive isotopes which 
emit alpha rays, it is desirable to have a counting equipment which will 
separate the particles of the same range characteristic of each isotope 
and count them separately. An electronic circuit was developed vhich 
would register the pulse produced by the amplification of the ionisation 
resulting from t single alpha particle of given range. All other pulses 
were rejected by this particular circuit. By arranging a sufficient 




number of these circuits, adjusted so that they Just covered the various 
sizes of pulses to be anticipated, the actual distribution of the alpha 
particlec in tome of their ranges from a particular source could be 
found. It proved to be of great ralue in identifying &nd measuring 
isotopic mixtures of alpha-ray emitters when the number of perticleB 
from a- particular isotopes exceeded 2 or 3J& of the total number. It 
was used to check the percentage and range of the alpha particles from 
^J^J^J^^ t\x2^s)^L ^i^^e^jii^m ^kjj^i ^&s^ e ^fu^^ e ^j^ij^^sii ^^^^3^ ^^22^^^^ e^Ls^ ^k^i 

One of the problems in the procurement of uranium ore was the 
determination of the quantity of radium in the ore as well as the 
quantity of uranium, for both these elements determine the ralue of the 
ore. This problem was solved by utilising the technique of radon measure- 
ment, dereloped for another purpoee, In which alpha particles are counted. 

During the war, plants were established by the Army and Vary for 
applying radium luminous compounds to dials of instruments. The appli- 
cation of such compounds can result in serious Injury to personnel 
unless proper regulations and tests are established. The measurement 
of radon in the exhaled breath of radium dial painters was thus manda- 
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development ef suitable regulations and made the tests of expired air to 
determine the efficacy of these regulations and their enforcement. In 
addition to the apparatus for determining the radon content of samples 
of air the SBS designed a glass bulb for shipping samples of air which 
could be sent evacuated to the collecting point to facilitate the trans- 
fer of the sample to the flask. This service for the Army 
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of considerable v> lue tc ti .<• rince vithout it tfc*>y "ould have hesi- 
tated to engage civilians to apply radium luminous compounds end expose 
them tc the veil kno v n ugprs cf radium poisoning. r-e c ; result the 
hazards h?ve been reduced to a few c.'.ses of temporary over-exposure. 

The procurement of 'Urge quantities of uranium ore by the Government 
required that the radium in the ore be determined ae veil a~.s the uranium, 
in Lrriving at a value for the ore. For exrjnple, a ton of high pra.de 
uranium ore night contain as much as $2,000 worth of radium. In addition, 
the measurement of the radium gives an Indirect check on the amount of 
uranium since there 1b a definite rfetio betveen the radium and uranium 
in nb tural orec. 

The same general equipment used for measuring breath samples ves 
also used to measure rtuium in uranium orec. The chief difference in 
the procedure is that, for measurement of rtdium, the ore sample ie 
dissolved ;.nd the radon accumulated in the r.olutlon over a definite 
time. The radon is then transferred to the counting chamber vhere the 
alpha particles are counted. From this procedure the amount cf radon 1b 
determined. From the amount of radon and the time during which it v»t 
accumulated the amount of radiur. in the sample can be computed. 

Several thousand such mes surementc wore made. As f pert of the 
program, comparative e«i curor.ents were i&hde with other laboratories 
which carried out determinations for various contra-ctcrs. Ac a result 
it Wee found :hat the values obtained bj the Jureau were both more con- 
sistent -ithin theme elves and nearer the average valuer of all other 
la ocrt. turieE. This resulted in the selection of the Bureau ac a referee 
ia case of diotgre'.-ment of aeasurrmrntK made elsewhere. 




